Peer victimization increases the risk of experiencing psychotic symptoms among clinical and general populations, but the mechanism underlying this association remains unclear. Dissociation, which is related to peer victimization and hallucinatory experiences, has been demonstrated as a significant mediator in the relation between childhood victimization and hallucinatory experience among adult patients with psychosis. However, no studies have examined the mediating effect of dissociation in a general early adolescent population. We examined whether dissociation mediates the relationship between peer victimization and hallucinatory experiences among 10-year-old adolescents using a population-based cross-sectional survey of early adolescents and their main parent (Tokyo Early Adolescence Survey; N = 4478). We examined the mediating effect of dissociation, as well as external locus of control and depressive symptoms, on the relationship between peer victimization and hallucinatory experiences using path analysis. The model assuming mediation effects indicated good model fit (comparative fit index = .999; root mean square error of approximation = .015). The mediation effect between peer victimization and hallucination via dissociation (standardized indirect effect = .038, p b .001) was statistically significant, whereas the mediation effects of depressive symptoms (standardized indirect effect = −.0066, p = 0.318) and external locus of control (standardized indirect effect = .0024, p = 0.321) were not significant. These results suggest that dissociation is a mediator in the relation between peer victimization and hallucinatory experiences in early adolescence. For appropriate intervention strategies, assessing dissociation and peer victimization as they affect hallucinatory experiences is necessary.
Introduction
Peer victimization in adolescence has long-term adverse effects on mental health (Takizawa et al., 2014 , Lereya et al., 2015 , including psychotic symptoms (Schreier et al., 2009) . A recent meta-analysis demonstrated that adolescents who experienced peer victimization in childhood and adolescence had a twofold greater risk of experiencing psychotic symptoms as compared to those who did not (Van Dam et al., 2012) . Further, the causal relationship between adolescent peer victimization and psychotic symptoms has been suggested in a prospective cohort study (Kelleher et al., 2013) . However, the mechanism explaining how peer victimization increases the risk for psychotic symptoms remains unclear.
Dissociation is defined as the "lack of normal integration of thoughts, feelings and experiences into the stream of consciousness and memory" (Bernstein et al., 1993) . Dissociation can be caused by peer victimization in childhood and adolescence (van Ijzendoorn and Schuengel, 1996; Campbell and Morrison, 2007; Teicher et al., 2010) and lead to loosening reality discrimination (Allen et al., 1997) , as well as psychotic symptoms, particularly hallucination (Anketell et al., 2010.; Escher et al., 2002a; Escher et al., 2002b; Pilton et al., 2015; Varese et al., 2011) , because dissociation due to peer victimization undermines a person's grounding in the outer world and weakens their ability to reality test Schizophrenia Research: Cognition 4 (2016) 18-23 (Allen et al., 1997) . Hallucination can be conceptualized as dissociated components of the self arising from the failure to integrate adverse and traumatic sensory and psychological experiences into the context of the self-identity (Longden et al., 2012) , which develops during adolescence (Kasai, 2013; Sawyer et al., 2012) .
A recent meta-analysis suggested that traumatic experience induced dissociative experiences (Dalenberg et al., 2012 (Dalenberg et al., , 2014 and that dissociative experiences are particularly related to hallucinatory experiences, in both clinical and non-clinical samples (Pilton et al., 2015) , even after controlling for depressive symptoms (Altman et al., 1997) . Previous studies have suggested that the relationship between peer victimization and hallucinatory experiences could be accounted for by dissociation (Pilton et al., 2015 . Longden et al., 2012 Varese et al., 2012; PeronaGarcelan et al., 2012; Perona-Garcelan S et al., 2014, Kisiel and Lyons, 2014) . However, clinical studies have had small samples and assessed childhood victimization retrospectively when participants were approximately 40 years of age (Varese et al., 2012; Perona-Garcelan et al., 2012) . A non-clinical study also showed the mediating effect of dissociation in young adulthood, although childhood victimization was recalled after 15 years and potential mediating factors were not controlled for (Perona-Garcelan et al., 2014) .
Further, a study conducted on victimized adolescents demonstrated the mediating effect of dissociation on the relationship between victimization and overall mental health (Kisiel and Lyons, 2014) , but this study was also limited by small sample size. Additionally, it did not focus specifically on peer victimization or hallucinatory experiences. A notable study attempted to examine the pathway between peer victimization and psychotic symptoms among early adolescents: Fisher et al. (2013) found that external locus of control, which can lead to misattributions of perceptual anomalies , and depressive symptoms had a significant mediation effect on the relationship between peer victimization and psychotic symptoms among 7000 adolescents aged 13 (Fisher et al., 2013) . About 30% of the association between peer victimization and psychotic symptoms could be explained by the mediating effects of external locus of control and depressive symptoms. The unexplained portion of the association might represent other mediating factors. However, they did not examine the effect of dissociation on the relationship between peer victimization and hallucinatory experience.
Thus, to our knowledge, no previous research has examined whether dissociation mediates the relationship between peer victimization and hallucinatory experiences in early adolescence. We hypothesized that dissociation mediates the relationship between peer victimization and hallucinatory experiences. The aim of the present study was to test this hypothesis and further examine the mediation effect of dissociation while controlling for external locus of control and depressive symptoms among 10-year-old adolescents. We used path modeling, which allows us to infer a mediating relationship between peer victimization and hallucinatory experiences via dissociation while controlling for possible confounders.
Methods

Study design, sample, and survey procedures
This study used data from the Tokyo Early Adolescence Survey (T-EAS), which was originally designed as a baseline cross-sectional survey for the subsequent longitudinal cohort study (Tokyo Teen Cohort), which is currently ongoing (URL: http://ttcp.umin.jp/index.html). The T-EAS is a multidisciplinary survey of 10-year-old adolescents aimed at investigating their health and development. We randomly sampled early adolescents by using the resident register in three municipalities: Setagaya-ku, Mitaka-shi, and Chofu-shi in the metropolitan area of Tokyo. Eligible residents were those born between September 2002 and August 2004. The survey was carried out between October 2012 and January 2015. We sent letters of invitation to participants around their 10th birthday. Then, a trained interviewer visited their home. The survey was completed twice over two visits. At the first visit, written informed consent from the adolescent and his/her main parent (generally mothers) was obtained, and they were asked to complete the questionnaires at home by the second visit. At the second visit, the adolescent and his/her main parent were asked to answer the selfreport questionnaires separately. The questionnaires were enclosed in envelopes by the respondents immediately after completion. Also during the second visit, the interviewer measured the adolescent's height and weight. Concurrently, the main parent responded to a semistructured interview. All data were collected anonymously. T-EAS is based at three research institutes: Tokyo Metropolitan Institute of Medical Science, The University of Tokyo, and SOKENDAI (The Graduate University for Advanced Studies). This survey was approved by the ethics committees of the above three institutes.
Participants
Among 18,830 eligible pairs of adolescents and parents, 14,553 were randomly selected. Of these, 4319 could not be contacted. Out of the 10,234 children who were accessible, 5756 adolescents and/or their parents refused to participate. Therefore, 4478 pairs participated in the survey (response rate: 43.8%). Among the consenting pairs, 201 (4.5%) were excluded from the analyses due to incomplete responses to questions of interest. Hence, the remaining 4277 cases were analyzed (mean age = 9.8 years, SD = 0.4; 53% boys).
Measures
Hallucinatory experiences
Hallucinatory experiences were assessed by the main parent of the participant using 2 items derived from the Child Behavior Check List (Achenbach, 1991; Itani et al., 2001 ). The following factors were assessed: (i) auditory hallucination ("hears sounds or voices that aren't there") and (ii) visual hallucination ("sees things that aren't there"). Responses were provided on a 3-point scale: not true = 0, somewhat or sometimes true =1, very true or often true =2. The hallucinatory experiences score was defined as the sum of these 2-item scores (possible range: 0-4).
Dissociation
Dissociation was assessed by the main parent of the participant using 6 items from the Child Behavior Check List based on previous studies demonstrating acceptable internal consistency (MalinoskyRummell and Hoier, 1991; Becker-Blease et al., 2004) . We used the following questions: i) "acts too young for his/her age," ii) "can't concentrate, can't pay attention for long," iii) "confused or seems to be in a fog," iv) "daydreams or gets lost in his/her thoughts," v) "stares blankly," and vi) "sudden changes in mood or feeling." All responses were given on a 3-point scale: not true = 0, somewhat or sometimes true = 1, very true or often true = 2. The dissociation score was defined as the sum of these 6-item scores (possible range: 0-12).
Peer victimization
Participants' peer victimization in the previous 2 months was assessed by main parents using a global scale that adopted questions from the Olweus Bully/Victims Questionnaire (Solberg and Olweus, 2013) . The definition of bullying was shown and participants were asked, "How often has your child been bullied at school in the past 2 months?" Responses were based on a 5-point Likert scale: it hasn't happened to my child in the past couple months = 0, only once or twice =1, two or three times a month =2, about once a week =3, and several times a week =4. Scores of 1-4 were defined as being bullied.
Depressive symptoms
Participants' depressive symptoms were assessed using the Short Mood and Feelings Questionnaire (SMFQ), which is a 13-item selfreport questionnaire and screening measure for severity of depression (Kuo et al., 2005) .
External locus of control
Participants' external locus of control was assessed using the shortened version of the Childhood Nowicki-Strickland Internal-External (CNSIE) questionnaire (Nowicki, 1976; Nowicki and Duke, 1974; Nowicki and Strickland, 1973) , which is a 12-item self-report questionnaire that has been used in a previous population-based survey of 8-year-old children (Thompson et al., 2011) .
Statistical analysis
Cross-tabulation and chi-square tests were performed to test the association between peer victimization and hallucinatory experiences. By using structural equation modeling, the mediating effect of dissociation on the relation between hallucinatory experiences and peer victimization was examined after investigating the presence of a direct effect between peer victimization and hallucinatory experiences. Model fit was assessed using two common indices, comparative fit index (CFI) and root mean square error of approximation (RMSEA). Models with a CFI value greater than 0.9 and an RMSEA less than 0.05 indicate good model fit. Potential mediating effects were assessed by calculating indirect effects of each mediator on the relationship between peer victimization and hallucinatory experiences. Indirect effects were calculated by multiplying the path coefficient between peer victimization and each mediator and between each mediator and hallucinatory experiences. The Sobel test (Sobel, 1982; Bollen and Stine, 1990; Preacher and Hayes, 2004) was performed to test the mediation effect of dissociation as well as that of depression and external locus of control. A z-test was used to compare the size of the mediation effect of dissociation with that of depressive symptoms as well as external locus of control. The significance level was set to 0.05. IBM SPSS 21.0 and Amos 20.0 (IBM Corp, New York, USA) were used for statistical analyses.
Results
Descriptive statistics are shown in Table 1 . Approximately 2% of adolescents experienced auditory hallucinations, and about 2% experienced visual hallucination, according to parent ratings. Further, 12% of the total sample experienced peer victimization in the last 2 months. Adolescents with hallucinatory experiences were more likely to experience peer victimization than those without hallucinatory experiences (20.5% and 12.5%, respectively; χ 2 = 8.35, p = .004), indicating a significant positive correlation between hallucinatory experiences and peer victimization.
A direct path between peer victimization and hallucinatory experiences was not statistically significant in a saturated path model (β = .02, p = .149), which assumes both direct and indirect paths between peer victimization and hallucinatory experiences. Thus, the direct path between peer victimization and hallucinatory experiences was excluded from the path model. Fig. 1 shows the path diagram describing the mediating effects of dissociation, depressive symptoms, and external locus of control on the relationship between peer victimization and hallucinatory experiences. This model demonstrated a good model fit (CFI = .999, RMSEA = .015).
Peer victimization was significantly associated with dissociation (β = .20, p b .001) as well as depressive symptoms and external locus of control (β = .22, p b .001; β = .12, p b .001, respectively). Hallucinatory experience was significantly associated with dissociation (β = .19, p b .001), whereas the path between depressive symptoms and hallucinatory experiences (β = −.03, p = .123) and that between external locus of control and hallucinatory experiences (β = .02, p = .319) were not significant. The mediation effect of dissociation on the relationship between peer victimization and hallucinatory experiences was significant (standardized indirect effect = .038, p b .001). The mediation effects of depressive symptoms and external locus of control were not (standardized indirect effect = −.0066, p = 0.318; standardized indirect effect = .0024, p = 0.321, respectively). The z-test revealed that the mediating effect of dissociation was significantly larger than the mediating effect of both depressive symptoms (z = 6.285, p b .001) and external locus of control (z = 8.531, p b .001).
Discussion
The present study was the first to investigate whether dissociation mediates the relationship between peer victimization and hallucinatory experiences among young adolescents. The present findings from a path analysis support our hypothesis that dissociation mediates the association between peer victimization and hallucinatory experiences.
About 2% of young adolescents experienced hallucinatory experiences as rated by their main parent, comparable to a previous study demonstrating a rate of 3%-4% using the same measurement with children under 11 years of age (Ferdinand et al., 2004) . The mean score on the dissociation scale was slightly higher than the mean score reported in a previous study assessing 11-year-old children (mean scores =1. 16-1.48; Becker-Blease et al., 2004) . This is consistent with the previous finding that the normative age for peak dissociation is 10, and that it experiences a decline through adolescence and adulthood (Putnam, 1993) . One in eight participants experienced peer victimization, which is comparable to a previous epidemiological study showing rates of 5%-20% among young adolescents aged 11-15 years across 25 countries (Nansel et al., 2004) .
Further consistent with previous studies, the mediating effect of dissociation in the relation between peer victimization and hallucinatory experiences was statistically significant (Varese et al., 2012; PeronaGarcelan et al., 2012; Perona-Garcelan S et al., 2014; Kisiel and Lyons, 2014) , proposing that dissociation may be a potential mechanism linking victimization and psychopathology. Recent studies have revealed that dissociation arises from HPA axis dysregulation (Simeon et al., 2007) , which could be caused by peer victimization in childhood and adolescence (Ouellet-Morin et al., 2011) . Recent studies have also suggested that HPA axis dysregulation increases the risk of having psychotic symptoms, including hallucinations (Walker et al., 2008; Corcoran et al., 2003) . To integrate these findings, HPA axis dysregulation may be a biological factor mediating the relationship between peer victimization and hallucinatory experiences. The other recent studies revealed that victimized experience in early life may lead to cognitive dysfunction in adulthood among people without psychopathology (Gould et al. 2012 , Berthelot et al. 2015 . These results may also suggest that we should focus on a neuropsychological mediator between peer victimization and hallucinatory experiences among adolescents in future study. However, this issue is beyond the scope of this article and further evidence is needed to elucidate the biological and neuropsychological influence on the link between peer victimization and hallucinatory experiences among adolescents. The mediating effects of depressive symptoms and external locus of control were not significant. This is inconsistent with a previous population-based study (Fisher et al., 2013) ; however, the inconsistency might be due to the difference in study design. The previous study did not adopt dissociation as a mediator in the mediation model. The present results indicate that dissociation could explain a greater proportion of the association between peer victimization and hallucinatory experience than depressive symptoms and external locus of control. Moreover, the results of the current study provided evidence that the mediating effect of dissociation in the relationship between peer victimization and hallucinatory experiences may be larger in comparison with the effect of depressive symptoms and of locus of control.
The prevalence of hallucinatory experiences was less frequent than that of peer victimization in this adolescent population. Peer victimization may lead not only to hallucinatory experiences but also to other possible psychopathologies (e.g. anxiety symptoms). In addition, there may be some adolescents who would not experience any psychopathology in later life even though they experienced peer victimization. We need to examine the pathways from peer victimization to other outcomes, and need to explore resilient factors against developing psychopathology even if experienced peer victimization.
In terms of intervention for hallucinatory experiences in early adolescence, dissociation linked with peer victimization might be an important factor. The present study results suggest that it is important to specify hallucinatory experience as it relates to dissociation and peer victimization. It is possible that psychosocial interventions (e.g., trauma-focused cognitive behavioral therapy for youth (Cohen et al., 2011) , cognitive-behavioral intervention for trauma in school; Stein et al., 2003) rather than antipsychotic medication could be effective in managing hallucinatory experiences associated with peer victimization in early adolescence. For appropriate intervention strategies, assessing dissociation and peer victimization as they affect hallucinatory experiences is necessary.
Several limitations in the present study should be noted. First, we used the main parent's ratings on hallucinatory experiences, dissociation, and peer victimization, not adolescent self-reports. It is possible that parents underestimated their children's experiences of peer victimization and hallucination. Second, we used data from a cross-sectional survey and could not clarify the direction of pathways between peer victimization and hallucinatory experience, though large prospective studies have previously determined a causal relationship between peer victimization and hallucinatory experiences in adolescence (Schreier A et al., 2009; Kelleher et al., 2013) . We are currently conducting a subsequent longitudinal cohort study (Tokyo Teen Cohort Study), which will further clarify causality. Third, our findings in the general population may not be directly applicable to pathological hallucinations in clinical samples. Hallucinatory experiences in general adolescents would not necessarily lead to the onset of clinical psychosis, although subclinical psychotic experiences increase the risk of having psychotic disorders after 3-24 years by 3.5-fold (Kaymaz et al., 2012) . Future studies need to clarify the mediation effect of dissociation on the relationship between peer victimization and the onset of psychotic disorders in adolescence with a longitudinal cohort study. The definition of dissociative symptoms in this study was broader than the clinical diagnosis of dissociative disorders, although previous epidemiological studies adopted and validated the measure (Malinosky-Rummell and Hoier, 1991; Becker-Blease et al., 2004) . We need to be careful to apply the present findings to clinical samples and further clinical studies would be needed. Fourth, other potential path models might be considered, and we cannot eliminate the possibility of other models being a better fit. The present path model, which controlled for potential confounders, showed acceptable model fit, suggesting a mediating relationship between victimization and hallucinatory experiences via dissociation. Fifth, although this is not uncommon in estimating mediation in behavioral data, the observed size of the mediating effect of dissociation was not large. Further, we did not test other potential mediating factors (e.g., attachment style , post-traumatic stress disorder re-experiencing symptoms (Gracie et al., 2007) , and source monitoring; Bentall et al., 2014) in the relation between peer victimization and hallucinatory experiences. However, previous studies have shown no association between source monitoring and childhood victimization (Varese et al., 2012; Bendall et al., 2011) , and only 1%-3% of the association between victimization and hallucinatory experiences could be explained by attachment style and post-traumatic stress disorder reexperiencing symptoms Gracie et al., 2007) . We will overcome this limitation through the Tokyo Teen Cohort Study.
In conclusion, our investigation suggests that dissociation significantly mediates the relationship between peer victimization and hallucinatory experiences among early adolescents. Understanding developmental epidemiology in general early adolescence, which is the critical life-stage for the emergence of psychiatric disorders, will deepen our understanding of psychopathology in psychosis, and ultimately serve as a compass for early interventions. 
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